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I n  re: ;Letter Progress Report 
,- 61-inch NASA Telescope 

University of Arizona 
Dear M i s s  Morgan: 

Thank you for  your let ter of September 9 acknowledging my ? E  t t  1 to  

Please find enclosed herewith a fur ther  report 
Dr .  Urner Liddel, with copy to  yourself, as a "letter progress repxj:" 
dated September 2, 1965, 
coveringthe progress made during the last two months. 

My letter of September 2 s ta ted  that several  mechanical lesser items 
s t i l l  requirelaattention. 
possible  dispatch, with Mr. Sam Case, our  design engineer, and h i s  s t a f f  
o f t en  working seven days a week and twelve o r  more hours a day t o  accelerate 
the program. The s c i e n t i f i c  s t a f f  was on hand for  tests whenever needed. 
This program of intensive f in i sh ing  up w a s  e s sen t i a l ly  completed on October 
7, 1965, With the assis tance of s t a f f  members and our chief optician,  we  
examined the image closely on tha t  night and regarded it sat isfactory.  
There were s t i l l  a few residual  mechanical troubles, one being with the 
clutches used i n  the r i g h t  ascension and decl inat ion dr ives  which appeared 
t o  be too weak and which prevented us from using preloads on the dr ives  
tha t  w e r e  su f f i c i en t ly  powerful to minimize telescope shake i n  the presence 
of s t rong winds. 
us from s t a r t i n g  s c i e n t i f i c  observations on October 8 .  

The remaining work w a s  carr ied out  with a l l  

These clutches were later replaced but did not prevent 

Sixteen plates,  5 x 7 inches each, of  the moon w e r e  obtained a t  the 
F/45 focus (scale 3 arc seconds per millimeter) on October 8 of which about 
half  were already of "research quality," which means comparable t o  or b e t t e r  
than the bes t  p la tes  of the moon obtained before of the areas and illumina- 
t ions  observed. On October 9 ,  forty-one p l a t e s  of the nmon w e r e  obtained 
a t  the same focus of which nearly a l l  w e r e  of research qual i ty .  No lunar 
observations were possible on October 10 but  on October 11, twelve fur ther  
plates w e r e  obtained, with the.majority being of research qual i ty .  
13 was an excel lent  night during which w e  obtained seventy p l a t e s  of the 
moon, a l l  of them of research qua l i ty  and about ha l f  of superior qual i t3  
with resolut ions of about 0.2 arc seconds or be t t e r .  A number'of mediocre 
o r  poor nights  followed during which no good lunar pho toa ra~h~ 'w8s  Dossiblc- 

October 

The program w a s  reeumed October 19. - -  . w *  
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I n  addition to  the lunar photography, many observations, visual ,  
Photography i n  black and white and i n  coior, w e r e  made of the planets Saturn 
and Jupi ter .  Many of these r e s u l t s  are of exquis i te  quali ty.  

Dr. T. L. K. Smull, Grants Administrator of NASA, and Dr. W i l l i a m  Bru& 
of the Office of Lunar and Planetary Sciences, v i s i t ed  the University on 
October 22 and par t ic ipated i n  the dedication of the telescope. 
my comments made a t  the luncheon is herewith appended. 

A copy of 

Since t h a t  t i m e  Dr. Low has made very important observations of the 
planets  Saturn, Jupi te r ,  Venus, and of several  stars a t  LO and 20 microns. 
The humidity of the atmosphere had dropped enough to  open up the 20-micron 
window which is closed a t  nearly a l l  U. S. observatories because of the much 
grea te r  humidity. One is 
t ha t  the planet  J u p i t e r  radiates more heat of in te rna l  o r ig in  than the amount 
absorbed from the sun and reradiated in  the infrared. The ratio appears to  
be 2 or 2 1/2 t o  1. A paper on t h i s  subject is i n  preparation, and Dr. Low 
is expected to  be able  to  make an announcement whithin a week o r  so. H e  has 
also obtained d r i f t  curves a t  20 microns of these planets across the i r  disks  
both EW and N5, which give information on the v e r t i c a l  s t ruc ture  of these 
atmospheres. The b e l t s  of J u p i t e r  stand out  a t  20 p fo r  t he i r  d i f f e ren t  
temperatures, a most significant r e su l t  for the in te rpre ta t ion  of the con- 
densation products and colors, 

R e s u l t s  of sirlguLar importance have been obtained. 

A second lunar program of two weeks w a s  s t a r t ed  about November 1 and 
is sti l l  running. About one hundred further lunar plates,  many of excel lent  
qual i ty ,  w e r e  secured, as was very good addi t ional  planetary photography. 

The s c i e n t i f i c  r e s u l t s  to  date  have a l l  been secured with the F/45 focus. 
The F/13.5 focus cage i s  ready for  i n s t a l l a t ion  and tests which w i l l  be done 
a t  the completion of the present F/45 run. 

c 

The blank for  the UV op t i ca l  cover p la te ,  45 inches i n  diameter, is 
scheduled to be ready for  del ivery i n  the l a t t e r  part of December 1965, 
acc0rdir.g t o  the most recent information received from the supplier.  

A word should be added on the dome and building provided by the University 
of Arizona to house the 61-inch M A  telescope. 
with it, and the experience of t he  last month has shown t h a t  the  t h e m 1  
propert ies  of the building are as favorable as ant ic ipated.  In  par t icular ,  
the f a c t  tha t  the dome has been painted with titanium dioxide white paint  
has had the desired e f f e c t  of keeping the daytime temperature i n  the  building 
low and making the dome cold a t  night  which causes the a i r  i n  contact with 
i t  to  descend, leaving the a i r  i n  the opt ica l  path i n  f ront  of the telescope 
the undisturbed ambient atmosphere. 
o ther  observers has consis tent ly  been tha t  "dome seeing" and "telescope seeing" 
are remarkably small and t h a t  the  l i m i t  o f  resolut ion i n  the photographic 
image is almost en t i r e ly  set by the atmospheric disturbances in  the free 
atmosphere above the dame. I have personal experience with a l l  the large 
telescopes i n  the U. S, except the Lick 120-inch and believe that i t  is 
f a i r  to say that w e  have succeeded unexpectedly w e l l  i n  minimizing thermal 
effects within telescope and d d .  

I am completely s a t i s f i e d  

My personal experience and that of our 
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As was made c l ea r  i n  earlier correspondence, we  have s t i l l  to  complete 
the th i rd  c e l l  for the 61-inch telescope, housing the 45-inch plane-parallel  
o p t i c a l  p l a t e  when completed, hopefully sometime during the su1pner of 1966. 
(The production of the plane-parallel  op t i ca l  p l a t e  is  a very d i f f i c u l t  task 
bu t  our opt ic ian should be able  to do the work as w e l l  o r  b e t t e r  than anyone 
else.) Our previous request provided for  a spectrograph attachment that has 
not  y e t  been f u l l y  designed and w i l l  not be completed until sometime next 
year. 

In  conclusion, I am pleased to  report  tha t  I am completely sa t i s f i ed ,  
as an astronomer, with the r e s u l t s  achieved to  date.  
1/40th of a wave, are b e t t e r  than those of any other large telescope. When 
the atmosphere i s  steady, images of the moon and of the planets  are renarkably 
c r i s p  and f ree  from dis tor t ions .  W e  have been able  t o  observe the spots on 
the  satellites of J u p i t e r  i n  much greater  d e t a i l  than I have ever been able 
to observe themwith the 82-inch telescope i n  Texas. W e  have an excellent 
instrument, but cer ta in  addi t ions and improvements can and must still  be made. 

The optics,  good to 

Sincerely yours, 

GPK: ie 
Encls. 
cc: D r ,  Urner Liddel 

Dr .  W i l l i a m  Brunk 

Gerard P. Kuiper 
Director 

P.S. 
W e  soon hope t o  have the  t i m e  to take some daytime photographs which should 
be clearer. 

I am enclosing a p r i n t  of a picture taken during night  operations. 
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k111, Dr. Bruak, President -11, . 
Mstlnguished guest. a d  friends: 

As a spokesman €or the scientists who w i l l  we the Space Sciencaa 

Building, I welcolllc the opportunity to make a feu copplliente. The 

s c i e n t i s t s  a t  the University of Arizona interested i n  space-related 

investigations look upon the Space Sciences Building a0 8 center for 

collaboration and for Important new research. 

The advances in the natural sciences, par t icu lar ly  planetary a d  . . - *  

lunar astrormq, geophysics i n  the broad sense, tbe invest igat ion of 

the radiat ion belts surrounding the earth,  and the plasma clouds blaviPg 

from the sun through the interplanetary space; a l l  of these subjects 

have gained inmteasurably from the large programs i n i t i a t e d  by WSA. 

Also, the supporting technology is taking on completely n w  forms. !lbe 

methods of investigation available to the a c t e n t i s t  today are so much 

more powerful than those used only o m  or  two decades ago, that we can 

speak t ru ly  of the b i r t h  of Space Science having occurred i n  the past 

1 decade. 

University f a c i l i t i e s  have been able  to keep up w i t h  much of th io  

explosive development only through direct par t ic ipa t ion  i n  the NASA .. 
program&. The Space Sciences Building on t h i s  Campus is dedicated b 

t h i s  proposition. 

created in it, we hope to be able to make our contribution In the 

Through it and with the f a c i l i t i e s  expected to be 

phyrical   science^ during t h i s  remtukable period of hi6tory. 
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the f a c i l i t f e e  of t h i s  Building w i l l  ba.u8ed by eeveral 
I 

Aerospace and lechanical Engr, 
As t r o n q  
Chemical aad Xetal lurgical  Engr. 
Geology 
Lunar and Planetary Laboratory 
Meteorolom 
Physics 
Psychology 

It is not possible on t h i s  occasion to do j u s t i c e  to the  carefu l  plane 

l a i d  by these departments for  research in the Space Sciences Building 

during the coming several years. Let me l ist  j u s t  a few. 

The Lunar and Planetary Laboratory w i l l  be re-united i n  the Building, 

a f t e r  its present operations are dis t r ibuted over three buildings fa 

Tucson, one on the  Campus a d  two i n  the city. Its main programs w i l l  . . 

continue to be lunar and p lane tary  photography; high-resolution 

spectroscopic invest igat ions of planetary atmospheres both i n  the v isua l  

and in the infrared; infrared scans (heat maps) of the moon t o  longer and 

longer wave lengths, w i t h  apparatus for  20 microns being developed by 

I)r. TAW for  use during the comingwinter; infrared detector development 

by W. Low, witb advances of approxhately 100 i n  s e n s i t i v i t y  already 

being achieved between 1 and 2 microns; precision f i l t e r  photometry i n  

numerous wave length bands from the u l t r a v i o l e t  to .the far infrared by 

Professor Harold Johnson; a massive program on the Orbiting A s t r o n o m i c a l  

Observatory under the j o i n t  direct ion of D r s .  Johnson and Gehrele; a 

high-alt i tude balloon prowka (Project Polariscope) directed by Dr. 

Cehrels; tbe development of an absorption tubs w i t h  a very long path, 
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8 or  10 km, under the di rec t ion  of Dr. Toby Owen, fo r  simulated otudiee 

of planetary atmospheres; an extensive program of lunar cartography and 

an up-dating of lunar nomenclature, with close coordination with the 

Internat ional  Astronomical Union whicg baa entru8ted our group w i t b  thlm 

program; close l i a i son  with the A i r  Force lunar mapping program at 

Flagstaff ,  under NASA sponsorship; geological f i e l d  s tudies  re la ted  to 

the  program of lunar exploration; and important e d i t o r i a l  progranrrin the 

production of  the tvo major handbooks in astronomy being produced during 

t h i s  decade, the 5-volume series "The Solar System," and the 9-voluore 

series "Stars and S t e l l a r  Systems," under the overall ed i torsh ip  of 

Hiss Barbara Hiddlehurst and myself. 

Very s igni f icant  programs are being carried out  a t  the Xnsti tute of 

Atmospheric physics. Dr. Iiennan w i l l  conduct laboratory s tudies  of ' 

dus t  i n  the M i e  region with an experimental program and supported by 

theore t ica l  computations. 

K i t t  Peak, CalTech, and LPL. Dr. Staley has collaborated w i t h  Dr. Owen 

H i s  work has already been widely used a t  

of LPL on the dynamics of t h e  J u p i t e r  atmosphere and other programs. 

The s i te  of the Catalina Stat ion is  being used during the sunaner periods,  

when heavy ra ins  occur, ' for a pulse Doppler invest igat ion of  rain drops 

from which the meteorologists are deriving important information on the 

dynamics of clouds. 

of planetary atmospheres and the formation of condensation products. 

These r e su l t s  have a general bearing on the dynamics 

The par t ic ipa t ion  of t h e  Physics Department i n  the Space Sciences 

Building w i l l  include a Cryogenic program carr ied out  j o i n t l y  with Professor 

Frank Lav. This is an essent ia l  component of fhfrared detector  development 

which requiresvery.lov temperatures for  optimum use. Also, included will . 
be analysis  of ~ r .  Bashkin's accelerator program (opt ical  and u l t r a v i o l e t  . 



spec t ra  obtained by bombardment of 2 meV ione). 

The geological program w i l l  include lunar s t ra t igraphic  mapping, 

asgnet tc  s tud ies  of meteorites and mapping of volcanic terrain.  

promising program in astronomy w i l l  cons is t  of the developpleat of a 

A very . 

UVA spectrograph for Project Apollo and the development of further 

a p p t u s  for it8 extensions. 

I should l i k e  to  endorse the comarent made by President Harvil l  

on the importance to the sc i en t i s t s  a t  the University of the pro%FHlity 

of the K i t t  Peak N a t L o n a l  Observatory. W e  have enjoyed the bes t  relations 

with Director Hayall and the s t a f f  of the N a t i o n a l  Observatory, and have 

tremendously benefited from the u8e of the i r  f a c i l i t i e s  on the mountain 

and from the assis tance received through the s t a f f .  

t o  a closer cooperation and integration of  our e f f o r t s  a f t e r  i . 1 1 ~  Dove to 

the Space Sciences Building, which w i l l  br ing us adjacent t o  the Tucson 

o f f i c e s  of the National Observatory. 

W e  are looking forward 

I should l i k e  to pay t r i b u t e  a l so  to the Architect of the Space - 
Sciences Building, Hr. Wifliam Wilde, who is also the a rch i t ec t  of our 

buildings at the Catalina Station. 

and continues to  make t o  in te rpre t  our s c i e n t i f i c  and operational needs 

in to  inexpensive and functional buildings, which are pleasing in appearance 

W e  appreciate the e f f o r t s  he has made 

and possess quality.  

In conclusion, I should l i k e  . to  make a 

telescope to be dedicated t h i s  afternoon a t  

few 

our 

remarks on t h e  61-inch 

Catalina Stution. NASA 
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ha6 funded a 60-inch telescope, bu t  we managed to s t r e t ch  it to  60.8 

which we  round of f  t o  61. 

surpassed qua l i ty  in  a period of only about one year. 

is accurate to a fo r t i e th  of a wave. 

and thanks a l so  to Blr. Sam Case who w a s  i n  charge of the design of the 

telescope and mounting, carr ied out with great s k i l l  and diplomacy OUT 

r e l a t ions  with Western G e a r  Company, and has worked 60 hard i n  the last  

three months during the period a f t e r  the fns t a l l a t ion  of the telescope 

t o  remove r-ining weaknesses i n  concept o r  s t ructure .  

excel lent  instrument, althougb it must be recognized t h a t  fur ther  re- 

finements w i l l  undoubtedly be needed; and i n  any case, a th i rd  cage still  

--rtee& t o  be  constructed which w i l l  house a 45-inch plane-parallel op t i ca l  

M r .  Robert Waland has produced opt ics  of uno 

The primary mirror 

I want to express my appreciation 

W e  now have an 

p l a t e  of u l t r a v i o l e t  glaes. 

enclosed with insu la t ing  material i n  an e f f o r t  to  obtain the ult imate 

i n  resolut ion,  of which the telescope should be capable, one-tenth a r c  

seconds o r  about 600 feet on the m n .  W e  have contended a l l  along that 

t h i s  goal is achievable from an earth-based observatory,and I am very 

pleased t o  announce t h a t  already in the past  two weeks of operation we 

have achieved a gain of resolution over the Photographic Lunar A t l a s  by 

a factor  between 2 and 3. W e  have approached the ult imate l i m i t  of the 

instrrnaent by a factor  of 2 m, the photographic resolut ion achieved 

being 0.2 arc seconds. We a re  reasonably confident that with fur ther  

e f f o r t  we shall be able t o  reach the goal. 

This th i rd  cage w i l l  be used with the tube 

. 

c 

I want t o  express my thanks a l so  to Mr. Nasmyth, V i c e  President 

of Western Gear 

a good mounting 

Company, f o r  the  e f f o r t s  h i s  Company bave made' t o  produce 

and a very excellent r i g h t  ascensfon gear. It is f i t t i n g  



* t ha t  the f i r s t  telescope b u i l t  under Mr. Nasmyth's d i rec t ion  should be 

used for  lunar studies,  h l s  great-great grandfather James Nasqth, 2. E., 

belng the co-author, with James Carpenter, F.R.A.S., of the fa11xH.16 19th 

century book, "The Won," a copy of whlrh X t reasure on my shelve6, 

In conclusion, I would l i k e  to express my thank6 to Ht. Clyde Doran, 

Regional Supervisor of the Coronado National Forest  (Southern Arbone) and 

his s t a f f  for  t he i r  i n t e r e s t  i n  our Catalina Station. W e  are there the 

guests of rhe U. S. FOre8t Service and we appreciate t h e i r  f r iendly \ILwJCI- 

standing of our s c l e n t i f i c  needs. 


